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uncoupling protein) is not due to adrenergic insensitivity : a possible specific
inhibitory effect of colostrum
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The levels of mRNA coding for the uncoupling protein (UCP)
and for lipoprotein lipase (LPL) were monitored in the brown
adipose tissue of newborn rat pups. At 5 h after birth, the mRNA
levels of UCP and LPL were high in pups exposed singly to 28 °C
and low in pups kept singly at thermoneutrality (36 °C); in pups
staying with the dam, the UCP mRNA levels were intermediate.
However, the LPL mRNA levels were lower in pups staying with
the dam than in pups at 36 °C, implying that factors additional
to environmental temperature influenced LPL gene expression.
Injection of noradrenaline into pups at thermoneutrality (36 °C)
led to increases in UCP and LPL gene expression, but nor-
adrenaline injections had no further effect in cold-exposed pups.
The adrenergic effects were mediated via b-adrenergic receptors.
INTRODUCTION
One challenge that a newborn mammal has to face is the
adaptation to a new and colder thermal environment. The extra
heat needed to protect the newborn against hypothermia is the
product of brown-adipose-tissue activity (reviewed in [1]). Heat
production in brown adipose tissue results from the combustion
of fatty acids. Although many enzymes are involved in this
process and may show postnatal increases in expression in the
tissue (e.g. the acyl-CoA dehydrogenases [2]), it is generally
recognized that it is the amount of the uncoupling protein (UCP;
thermogenin) [3,4] that is the rate-limiting factor for non-
shivering thermogenesis [5]. In accordance with the postnatally
increased demand for heat production, the level of UCP mRNA
increases C 10-fold during the first 24 h of extrauterine life of the
newborn rat [6–9]. This increase is not ontogenically determined,
but is the result of a physiologically induced response to a
decreased environmental temperature [8–11]. As a consequence
of the increase in the amount of mRNA coding for UCP, the
amount of UCP in the tissue increases [10–17], as does the
thermogenic capacity of the newborn [18] (for review see [1]).
However, in order to ensure a constant supply of fatty acids as
a substrate for prolonged heat production, a parallel increase in
the capacity for uptake of fatty acids is essential. The fatty acids
are taken up from the circulation as a result of the activity of
lipoprotein lipase (LPL) [19]. There is a postnatal increase in
LPL activity in brown adipose tissue [20,21], and there is also
evidence that LPL is functionally active in the newborn. This
may be deduced from the shift in the composition of the fatty
acids in the tissue triacylglycerols that is observed. In the fetus,
the triacylglycerols have a fatty acid composition compatible
Abbreviations used: LPL, lipoprotein lipase ; UCP, uncoupling protein.
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The cold-induced increases in both UCPand LPL gene expression
were abolished by the b-adrenergic antagonist propranolol. Thus
differences in adrenergic responsiveness could not explain the
differential expression of the UCP and LPL genes observed in
pups staying with the dam. The presence of a physiological
suppressor was examined by feeding single pups at 28 °C with
different foods: nothing, water, Intralipid, cow’s milk, rat milk
and rat colostrum. None of these agents led to suppression of
UCP gene expression, but colostrum led to a selective suppression
of LPL gene expression. It was concluded that the genes for UCP
and LPL were responsive to adrenergic stimuli immediately after
birth, and it is suggested that a component of rat colostrum can
selectively suppress LPL gene expression.
with them being synthesized within the tissue; after birth, a high
fraction of the fatty acids are polyunsaturated, reflecting a
transfer from the dam, via the milk, of fatty acids originally
synthesized in plants [22–25]. Despite these indications for a
postnatal activation of a functional LPL in the tissue, there is
practically no increase in the level of mRNA coding for LPL
during normal postnatal development [8,9], in contrast with
what is the case for UCP.
This raises two questions. One concerns the origin of the LPL
activity found postnatally in the brown adipose tissue of the
pups; we shall not examine this question in the present investi-
gation. The second is regulatory: in which way is the differential
level of expression of the genes for UCP and LPL regulated in the
newborn pup? The low expression of the LPL gene during early
normal postnatal development (with the dam) is especially
confounding, since the brown-adipose-tissue cells possess the
ability to increase LPL gene expression if the pups are exposed
to a cold environment (without the dam) [8].
Thus, during normal postnatal development, an increased
expression of the UCP gene, but not of the LPL gene, is seen; a
cold stimulus may, however, induce the expression of both genes.
In the present investigation we address the question why LPL
and UCP gene expression is not induced in parallel during
normal early postnatal life.
MATERIALS AND METHODS
Animals
Pregnant Sprague–Dawley rats were obtained from a local
supplier (Alab, Stockholm, Sweden) and housed at 22 °C. The
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rats had free access to food [rat pellets (Ewos R3), containing
27% of the energy as protein, 12% as fat, and 60% as
carbohydrate] and water and were on a 12 h}12 h light}dark
cycle.
Near term, the dams were checked every second hour, and the
start and the end of delivery were recorded. Delivery lasted for
C 1.5 h. In all experiments, the end of delivery was taken as zero
time; this necessarily induced a C 1.5 h difference between the
age of the first and last pup born, and therefore a different degree
of exposure to the environmental conditions of the nest before
the experiment was initiated. However, this seemed to have only
marginal effects on the results. The average weight of the pups
was 6 g.
Experiments
Generally, the experiments were performed during the first 5 h
after the end of delivery. The pups were exposed to different
environmental conditions and different pharmacological treat-
ments, as detailed in the legends to the individual Figures and
Tables. The pups were then decapitated, and the interscapular
depot of brown adipose tissue was dissected out and immediately
frozen on solid CO
#
. The samples were stored at ®80 °C for not
more than 1 week before isolation of RNA (see below).
Injections
Where indicated, the animals were injected subcutaneously (50 ll
in the leg fold) with freshly prepared saline solutions of the
following agents obtained from Sigma (doses given in lmol of
the agent and mg of the parent compound per kg body weight) :
3 (if not otherwise indicated) lmol of noradrenaline (1 mg of
noradrenaline bitartrate) ; 3 lmol of isoprenaline (0.96 mg of
isoprenaline bitartrate) ; 4.5 lmol of phenylephrine (0.92 mg
of phenylephrine HCl) ; 100 lmol of dl-propranolol (30 mg of
dl-propranolol HCl) ; 10 lmol (4 mg) of phentolamine (obtained
from Ciba–Geigy).
Food
Where indicated, the pups were fed artificially in the following
way. The pups were transferred to 28 °C; some of these pups
were not fed. The others received water, Intralipid [the com-
mercial 10% Intralipid solution (KabiVitrum), enriched with
48 mM lactose], cow’s milk (commercial pasteurized, 3.5% fat)
or rat milk (obtained by hand-milking anaesthetized lactating
dams on day 4 after delivery; the litter was withdrawn 5 h before
milking). The pups at 28 °C were fed twice, at 1 and 3 h, through
a plastic pipette tip (40–80 ll of each solution at each time) and
were decapitated at 5 h. The presence or absence of milk}liquid
in the stomach was checked in each pup. The estimated amount
of milk that a 1-day-old pup normally obtains is 0.02 g}h per pup
[26] ; the amount artificially administered was thus similar to
what is normally fed to the pups. Certain pups were given access
to colostrum by being allowed to remain with the dam for 2 h
after delivery; they were then transferred to 28 °C and were
decapitated in parallel with the other pups, 3 h after the transfer.
Care was taken that the handling etc. of all pups was as identical
as possible, except for the food given.
RNA preparation and determination of mRNA levels
Total RNA was prepared from the frozen tissue as previously
described [7,8,27,28], with a guanidine hydrochloride method
involving ethanol precipitation. The amount of RNA obtained
was determined by spectrophotometry at 260 nm; the A
#'!
}A
#)!
ratios were always higher than 1.8. The purity of the preparation
was generally checked on agarose minigels. The total amount of
RNA obtained from the brown adipose tissue of one pup ranged
from 30 to 120 lg.
The amount of UCP mRNA, LPL mRNA or actin mRNA
was estimated by analysing slot-blots of 4 or 10 lg of total RNA,
as previously described [7,8,28], with nick-translated cDNA
probes for UCP [27], LPL [29] or b-actin. After hybridization of
the slot-blots and overnight exposure of the film, the intensity of
the autoradiograms was evaluated in a laser densitometer (LKB
2202 Ultroscan or Molecular Dynamics 300A Computing Den-
sitometer). RNA isolated from the brown adipose tissue of a
cold-exposed (24 h) adult rat and from 24 h-old pups were used
as reference standards, for both UCP and LPL. All related
samples were always hybridized and densitometrically analysed
in parallel, and statistical analysis was performed on the densito-
metric values. For the representation in Figures and Tables, the
arbitrary densitometric values were normalized based on the
mean expression levels of the appropriate controls.
RESULTS AND DISCUSSION
Effect of environmental conditions on the expression of the genes
for UCP and for LPL
In Table 1, the effects of different postnatal environmental
conditions on the levels of mRNA coding for UCP and for LPL
are shown. The normal postnatal development (allowing the
pups to remain with the dam at 22 °C) may be compared with the
effect of transfer of the pups to a defined ambient temperature.
In the pups that remained with the dam under standard
animal-house conditions for the first 5 h after birth, there was
only a tendency to a small increase in the level of UCP mRNA.
If the pups were transferred to the relative cold of 28 °C, a
significant increase in UCP mRNA levels was observed. If the
pups were transferred to a thermoneutral temperature (36 °C)
[30], the UCP mRNA level tended to decrease. The implication
Table 1 Effect of environmental conditions on the postnatal changes in the
expression of the UCP and LPL genes
Immediately after the end of delivery (zero time), newborn rat pups from 6 dams (13.5³1.1
pups per litter) were either immediately decapitated (0 h value) or were exposed for 5 h to one
of three environmental conditions : they remained with the dam under standard animal-house
conditions (22 °C), or they were transferred to single cages at an ambient temperature of either
36 or 28 °C. Care was taken to maintain high humidity in the 36 °C incubator. After these 5 h,
the pups were decapitated, total RNA was isolated, and the levels of UCP and LPL mRNA were
determined in all samples, as described in the Materials and methods section. All related
samples were blotted, hybridized and densitometrically analysed in parallel. Logarithmic
transformations of the densitometric data (including the individually calculated LPL/UCP ratios)
were submitted to one-way analysis of variance (ANOVA) after testing for homogeneity of
variance with Barlett’s procedure. After the ANOVA [which for all three parameters showed
significant effects of treatment (P ! 0.001)], significant differences between mean values were
identified with the protected least significant difference (LSD) test. In the Table, the
densitometric values were normalized by being expressed relative to the mean value observed
at time 0 h (100%). Points are means³S.E.M. of 6–8 pups : *** indicates significant difference
between the indicated level and the level at zero time (P ! 0.001).
UCP LPL LPL/UCP
0 h 100³17 100³6 1.00³0.12
5 h
With dam 121³7 104³6 0.75³0.09
At 28 °C 203³27*** 475³47*** 1.88³0.11***
At 36 °C 53³9 165³7*** 2.38³0.33***
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Figure 1 Effect of noradrenaline injection on the postnatal changes in the
expression of the UCP and LPL genes in newborns remaining with their
dams
Eight dams were used (litter size 10.4³0.7). For each litter, the pups were withdrawn from
the dam at zero time ; one pup was taken at this time, and the rest were injected subcutaneously,
either with 2.3 lmol of noradrenaline per kg body weight (NE, E) or with saline (D), or not
injected at all (*). The pups were placed again with the dam ; the dam accepted the injected
pups, making no difference compared with the others, all being fed and nursed. After 1 or 3 h,
the pups were removed and analysed as described in the Materials and methods section.
Results are means³S.E.M. from 6–8 pups (if not visible, the S.E.M. was smaller than the size
of the symbol) : *, ** and *** indicate significant differences between the level in the
noradrenaline-injected and the saline-injected pups (P ! 0.05, ! 0.01 and ! 0.001,
respectively ; Student’s t test).
is that the pups nested with the dam at 22 °C experienced less
cold than when they were exposed singly to 28 °C (but slightly
more so than singly at 36 °C), and that they had a potential
ability to respond to the thermal environment to a greater extent
than is normally necessary.
The LPL mRNA level remained unchanged when the pups
remained with the dam. It increased dramatically when the pups
were exposed to 28 °C, which was in accordance with a simple
thermal control of LPL gene expression and in agreement with
what we had observed previously [8]. However, the LPL mRNA
levels were higher in the pups which were left singly at thermo-
neutral temperature (36 °C) than in those which remained with
the dam at a lower temperature. For this observation, there can
be no explanation based exclusively on temperature effects.
The difference in the regulation of the expression of the LPL
and UCP genes is even more evident when the LPL}UCP ratio
is calculated (Table 1). In the presence of the dam, this ratio
tends to decrease, but in the absence of the dam, the LPL mRNA
level increases even more than the UCP mRNA level.
Thus, from these experiments, it was clear that immediately
after birth the pups were able to respond to alterations in
environmental conditions. The expression of the UCP and the
LPL genes was, however, not similarly controlled.
Adrenergic induction of gene expression in newborn rat pups
In adult mice and rats, the increase in UCP gene expression
observed in the cold is due to sympathetic adrenergic stimulation
of the brown fat cells, mainly via b-adrenergic pathways [3,4,31].
Also the cold-induced LPL gene expression in the brown adipose
tissue of adult rats is b-adrenergically regulated, although this
gene has the ability to respond to both insulin and noradrenaline
[32]. Brown adipose tissue possesses b-adrenergic receptors
already on the first postnatal day, and these receptors are
coupled to stimulation of adenylate cyclase [33]. However, it has
been suggested that the increase in UCP gene expression in utero
may be induced via non-adrenergic mechanisms [9,34], and that
the ability to respond to physiological stimuli with increased
UCP gene expression may not be present before birth, but may
develop thereafter [9]. There is at present no published evidence
that adrenergic stimulation can induce either UCP or LPL gene
expression in the brown adipose tissue of the newborn pup. We
therefore investigated the ability of the newborn pups to respond
to adrenergic stimulation in this way. These experiments were
performed with pups staying with the dams, i.e. under conditions
where the expression is fairly stable (cf. Table 1).
As injections in themselves may be perceived as stressful by the
pups, and as this could induce an endogenous sympathetic
stimulation of the tissue, we used two types of controls : non-
injected pups and saline-injected pups. However, the values
obtained for the saline and non-injected groups of pups were
superimposable (Figure 1), indicating that the stress caused by
the injection itself did not appreciably influence the expression.
In the non-injected pups and in the pups injected with saline,
UCP mRNA levels increased to some extent during the first 3 h
after birth [principally in agreement with the results shown above
(Table 1)]. Injection of noradrenaline led to a significant increase
in the level of UCP mRNA (Figure 1A).
In the untreated pups, LPL gene expression also increased
after birth, but noradrenaline injection led to a markedly higher
level of expression (Figure 1B).
As a control, we also examined the effect of adrenergic
stimulation on b-actin gene expression. A small increase was
observed 1 h after birth (Figure 1C), and injection of nor-
adrenaline also caused a small increase. That pharmacological
or physiological conditions may marginally affect the
levels of b-actin mRNA in brown adipose tissue has previously
been observed [35,36]. However, such variations, including
those observed here, were always small as compared with the
changesobserved inUCPandLPLmRNAlevels. It is nevertheless
likely that the small variations represent true changes in b-actin
gene expression and do not reflect different relative yields of
mRNA or any other artefact.
Based on the observations of the effects of noradrenaline
injection (Figure 1), it was clear that the brown adipose tissue of
the newborn rat pup already possessed the ability to transduce an
adrenergic signal into increased expression of both the UCP and
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Figure 2 Effect of noradrenaline injection on the postnatal changes in the expression of the UCP and LPL genes in newborns exposed to different
environmental temperatures
Eight dams were used (12.2³0.7 pups per litter). The litters were withdrawn from the dam at zero time, and half of each litter was transferred to single cages at 36 °C and the other half to
single cages at 28 °C. From both groups, two pups were injected with 2.4 lmol of noradrenaline per kg body weight (NE, E), two pups were injected with saline (D) and the last two were
not injected (*). The pups were taken individually at zero time (non-injected only) and 1 and 3 h later. Values are means³S.E.M. from 4–8 pups in each group (where not shown, the S.E.M.
was smaller than the size of the symbol) : *, ** and *** indicate significant effects of noradrenaline versus saline injection, with the same P values as in Figure 1.
the LPL gene. A differential sensitivity to adrenergic stimulation
could therefore not explain the differential intensity of expression
observed during normal postnatal development (Table 1).
Adrenergic stimulation mimics the effect of cold exposure on UCP
and LPL gene expression
Although the pups were able to respond to noradrenaline, the
adrenergic pathway may not be the pathway utilized physio-
logically for the induction of enhanced gene expression in the
cold. If the adrenergic pathway is used, it would be expected that
in thermoneutral pups (at 36 °C) noradrenaline should mimic the
effect of exposure to cold (28 °C), but in cold-exposed pups,
the effect of noradrenaline should be much decreased or absent
(as the adrenergic pathway would already be stimulated physio-
logically).
In pups transferred to thermoneutrality (36 °C), UCP mRNA
levels did not change much during the first 3 h (Figure 2A). The
injection of noradrenaline led to a clear increase in UCP mRNA
levels. That this response mimicked the effect of cold exposure
may be seen by comparing the level obtained after noradrenaline
stimulation with that obtained in pups exposed to cold (28 °C)
(Figure 2B). There was no further noradrenaline effect in the
pups in the cold (Figure 2B).
LPL mRNA levels increased somewhat in the thermoneutral
pups after birth (Figure 2C). Noradrenaline injection led to a
large increase in the level of LPL mRNA; the level even exceeded
that in the pups in the cold (Figure 2D), where a continuous
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Table 2 Effect of adrenergic agonists on the expression of the genes for
UCP and LPL in pups at thermoneutrality
Six dams were used (11.8³0.6 pups per litter). The litters were withdrawn from the dam at
zero time, and four pups of each litter were injected with the indicated agents and immediately
placed at thermoneutral temperature (36 °C). The pups were taken individually 4 h later ; brown
adipose tissue was dissected out, and mRNA levels were estimated as described in the
Materials and methods section. The mean levels of mRNA coding for UCP or for LPL in pups
exposed to 36 °C without treatment were set at 100% and the other values expressed relative
to this. Results are thus means³S.E.M. of 6 determinations (pups) in each group : *, ** and
*** indicate levels of gene expression significantly different from that in the non-treated pups
(P ! 0.05, ! 0.01 and ! 0.001 respectively ; Student’s unpaired t test).
UCP LPL
Basal (36 °C) 100³15 100³17
­Noradrenaline 343³32*** 289³32***
­Isoprenaline 226³23** 226³38**
­Phenylephrine 166³38 154³20
­Isoprenaline­phenylephrine 172³2* 252³43**
increase in LPL mRNA levels was found. In the pups in the cold,
no further effect of noradrenaline injection was observed.
The effects of cold exposure and of noradrenaline on b-actin
mRNA levels were small (Figures 2E and 2F).
From the experiments described above, it was clear that
adrenergic stimulation of pups at thermoneutrality was able to
mimic the effect of cold exposure, and that cold exposure masked
the ability of injected noradrenaline to promote (further) gene
expression. These observations were compatible with an adren-
ergic mediation of the stimulation of UCP and LPL gene
expression in cold-exposed pups.
Pharmacological characterization of the noradrenaline effect
To identify the adrenergic-receptor type involved in the stimu-
lation of the expression of the UCP and LPL genes, the effect of
noradrenaline (which stimulates both a- and b-adrenergic recep-
tors) was compared with the effect of selective b-adrenergic
stimulation (with isoprenaline) or a-adrenergic stimulation (with
phenylephrine). The effects were tested in pups transferred to
thermoneutrality (36 °C), so that the endogenous expression of
UCP and LPL should be minimal (cf. Table 1). The injection
of either noradrenaline or isoprenaline visibly affected the brown
adipose tissue in the pups, observed as an intensified blood flow
similar to that observed during exposure to cold. In this respect,
phenylephrine had a much lower effect, if any.
In agreement with the results above, the UCP mRNA level
was increased 4 h after the injection of noradrenaline (Table 2).
Isoprenaline also had an effect, although the magnitude was
lower than that of noradrenaline (P! 0.01). Phenylephrine in
itself had no significant effect, and there was no statistically
significant effect of phenylephrine on the effect of isoprenaline.
These results, implying mainly a b-adrenergic pathway for the
stimulation of UCP gene expression in the pups, were not
identical with those obtained in adult mice [28], where a
synergistic interaction between a- and b-adrenergic stimulation
was found.
As also expected from the above results (Figure 1), the injection
of noradrenaline led to an increase in the level of LPL mRNA
(Table 2). Isoprenaline had an effect that was not statistically
different from that of noradrenaline. Phenylephrine led to a
small increase that was not statistically significant (P! 0.01),
and it did not add to the effect of isoprenaline. These results,
implying mainly a b-adrenergic pathway for the stimulation of
Table 3 Effect of adrenergic antagonists on the cold-induced increase in
UCP and LPL gene expression
Six dams were used (11.8³0.6 pups per litter). The litters were withdrawn from the dam at
zero time. Some pups were transferred to single cages at thermoneutral temperature (36 °C)
or at 28 °C ; others were injected with the indicated adrenergic antagonists before being
transferred to single cages at 28 °C. Pups were decapitated 4 h later, and mRNA levels
analysed as described in the Materials and methods section. The mean level of UCP or LPL
mRNA observed in the untreated pups at 28 °C was set at 100% and the other values are
expressed relative to this. Values are means³S.E.M. from 3–6 pups in each group : *, ** and
*** indicate significant differences between untreated pups at 28 °C and the indicated group,
with the same P values as in Figure 1.
UCP LPL
36 °C 54³8** 66³8*
28 °C 100³8 100³11
28 °C­propranolol 65³10* 50³3**
28 °C­phentolamine 64³18 82³27
28 °C­propranolol­phentolamine 23³4*** 43³11*
gene expression in the pups, were similar to those observed in
adult rats [32].
Inhibition of the cold-induced increase in UCP and LPL gene
expression by adrenergic antagonists
Whereas the results of the adrenergic-agonist experiments
(Figures 1 and 2 and Table 2) were compatible with a b-
adrenergic pathway mediating the cold-induced gene expression
in the newborn pups, they do not demonstrate that this pathway
is the one actually utilized. Non-adrenergic pathways have been
implied in other circumstances [37], and such pathways could be
responsible for the increase in gene expression in the cold;
adrenergic stimulation may then not be able to increase gene
expression further. We therefore investigated whether the cold-
induced increase in gene expression could be blocked by adren-
ergic antagonists. As administration of a-adrenergic blockers to
intact animals may be detrimental, due to vasodilation and a
large decrease in blood pressure, the dose of a-antagonist has to
be kept relatively low, and, as there is reason to assume that the
b-receptors involved in the adrenergic response (Table 2) are of
the b
$
-type, which are characterized by a relatively low sensitivity
to propranolol [38], the dose of propranolol used has to be kept
relatively high.
The increase in UCP mRNA levels induced by cold exposure
at the time point examined represented a doubling of the level in
the pups at thermoneutrality (Table 3). Injection of propranolol
before cold exposure decreased the UCP mRNA level to a level
which was not different from that observed in the pups at
thermoneutrality. The decrease obtained with the a-antagonist
phentolamine was more varied and was not statistically sig-
nificant, although the mean decrease was similar to that observed
with propranolol. The simultaneous injection of propranolol and
phentolamine led to a suppression of UCP gene expression below
the level observed in the pups at thermoneutrality. However, this
double antagonist treatment was detrimental to the pups. The
results indicate that it is likely that the increase in UCP gene
expression induced by cold exposure is mediated predominantly
through a b-adrenergic pathway, even in the newborn rat pups.
The results concerning LPL gene expression were even clearer
(Table 3). Propranolol fully abolished the effect of cold exposure
on the level of gene expression, whereas phentolamine was
without effect. The combined injection of propranolol and
phentolamine did not potentiate the effect of propanolol. Thus,
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Table 4 Effect of feeding on the increase in UCP and LPL gene expression
observed at 28 °C
Six dams were used (the same dams as in Table 1). For each dam the litter was taken from
the dam at zero time and distributed as follows : five pups were housed singly at 28 °C, and
one at 36 °C. The rest were placed either back with the dam or with a non-lactating dam found
appropriate to nurse pups. One of the pups replaced to the dam was transferred to 28 °C 2 h
later (after being fed with colostrum by the dam) and thus remained at 28 °C for 3 h
(­Colostrum). The pups placed with the non-lactating dam either remained fasting for 5 h, or
were fed with Intralipid solution. The pups at 28 °C were fed with water, Intralipid solution,
cow’s milk or rat milk as described in the Materials and methods section. After 5 h, the pups
were decapitated and mRNA levels determined as described in the Materials and methods
section. All related samples were blotted, hybridized and densitometrically analysed in parallel.
The densitometric data (including the individually calculated LPL/UCP ratios) were submitted
to one-way analysis of variance (ANOVA) after testing for homogeneity of variance with Barlett’s
procedure. Logarithmic transformation of the data generally yielded homogeneity in cases where
this criterion was not met by the raw data. After the ANOVA [which for all three parameters
showed very significant effects of treatment (P ! 0.001)], significant differences between mean
values were identified with the protected least-significant-difference (LSD) test. In the Table, the
values are normalized by setting the mean levels of mRNA coding for UCP or for LPL (and the
ratio LPL/UCP) in pups exposed to 28 °C without liquid at 100% (or 1.00) and expressing the
other values relative to this. Results are means³S.E.M. of 4–6 determinations (pups) in each
group : *, ** and *** indicate levels of gene expression or ratios significantly different from those
observed in pups at 28 °C without liquid (P ! 0.05, ! 0.01 and ! 0.001 respectively).
UCP LPL LPL/UCP
Single, cold (28 °C)
­Nothing 100³13, 100³13 1.00³0.06
­Water 110³13 110³10 1.17³0.15
­Intralipid 91³5 99³4 1.01³0.05
­Cows milk 108³14 97³5 1.14³0.14
­Rat milk 165³8*** 146³12** 0.98³0.10
­Colostrum 140³6** 72³9* 0.57³0.09**
Single, thermoneutral (36 °C)
­Nothing 26³4*** 34³2*** 1.26³0.18
With dams (22 °C)
Own dam 60³4** 22³1*** 0.40³0.05***
Non-lactating dam 37³4*** 43³1*** 0.92³0.28
Non-lactating dam, ­ Intralipid 45³3*** 39³6*** 0.74³0.04
the cold-induced increase in LPL gene expression was mediated
through a b-adrenergic pathway, even in the newborn rat pups.
Does colostrum contain an inhibitory factor for LPL gene
expression?
From the experiments above, it was clear that LPL gene
expression (as well as UCP gene expression) in the newborn pup
may be increased due to cold exposure and that this increase
occurs via an adrenergic pathway. As UCP gene expression is
increased during normal development [8,9], probably via the
adrenergic pathway, it would seem unavoidable that LPL gene
expression should be induced in parallel. Thus, the question
remained why a low LPL gene expression was observed under
conditions when UCP gene expression was stimulated, i.e. during
normal postnatal development. One possiblity would be the
existence of a physiological suppressor.
One effect of the presence of the dam is the availability of food.
We therefore investigated whether any component of the food
could suppress UCP and LPL gene expression. For this, we
supplied food artificially to cold-exposed pups (Table 4).
Concerning UCP, liquid or food in any form (water, Intralipid
solution, cow’s milk, rat milk or rat colostrum) was unable to
suppress cold-induced gene expression. The only foods that had
a significant effect were rat milk and colostrum, which both led
to a higher level of UCP mRNA being present. Principally, this
positive effect is in accordance with the idea that homologous
milk is best for the development of the pups [39].
We also confirmed that it was not the milk, but rather the
nesting with the dam, which led to lower expression of the UCP
gene during normal postnatal development. For this, we trans-
ferred some pups to dams who were no longer lactating. Despite
the fact that these pups did not obtain food from the dams, UCP
gene expression was decreased to approximately the same level as
in pups at thermoneutrality (Table 4). It was therefore concluded
that the postnatal increase in the expression of the UCP gene was
not secondary to food deprivation, but was most likely an effect
of the ambient temperature experienced by the pup (in agreement
with the implication of our previous results [8]).
In the case of LPL gene expression, there was no significant
suppression by water, Intralipid solution or cow’s milk, and rat
milk had a positive effect, just as it had for UCP gene expression.
However, an interesting effect of rat colostrum was noted. LPL
gene expression was suppressed in rats which had received rat
colostrum, whereas the degree of UCP gene expression was
higher. As shown in the last column of Table 4, this is the only
occasion in which the effect of different liquids on UCP and LPL
gene expression significantly diverged. This implies that access to
colostrum may selectively suppress LPL gene expression. It may
be noted that this effect must be ascribed specifically to the
colostrum, as it was not found in milk from rats which had been
lactating for 4 days.
We also investigated whether nesting with the dam led to
selective suppression of LPL gene expression. We found that in
the pups transferred to non-lactating dams, the differential degree
of expression of the genes for UCP and for LPL was not
observed (Table 4).
It may therefore be suggested that the postnatal suppression of
the expression of the gene for LPL may be due to a component
of rat colostrum. The identification of this component is a future
challenge.
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